A B S T R A C T The hyperviscosity syndrome is an uncommon complication in IgG myeloma. Its occurrence has been ascribed to the presence in the serum of high molecular weight polymers of the IgG proteins. Three patients with IgG myeloma and the clinical hyperviscosity syndrome were investigated, none of whom had IgG polymers in the serum by analytical ultracentrifugation. Relative serum viscosity in these patients ranged from 10 to 17.4 (normal 1.4-1.8). The total serum proteins ranged from 14 to 19 g/100 ml of which 10 to 17 g/100 ml was IgG globulin. Physicochemical studies of two of the isolated myeloma proteins indicated that they were of normal molecular weight (near 158,000 and 162,-000). Protein Ca had a normal molecular radius (52.2 A) and configuration, (intrinsic viscosity of 5.5 cc/g, frictional ratio 1.48), but 
cosity syndrome were investigated, none of whom had IgG polymers in the serum by analytical ultracentrifugation. Relative serum viscosity in these patients ranged from 10 to 17.4 (normal 1.4-1.8). The total serum proteins ranged from 14 to 19 g/100 ml of which 10 to 17 g/100 ml was IgG globulin. Physicochemical studies of two of the isolated myeloma proteins indicated that they were of normal molecular weight (near 158,000 and 162,-000). Protein Ca had a normal molecular radius (52.2 A) and configuration, (intrinsic viscosity of 5.5 cc/g, frictional ratio 1.48), but was present in very high concentration in the serum. Protein Pur had an increased molecular radius (58.2 A) and was asymmetrical (intrinsic viscosity 10.2 cc/g, frictional ratio 1:63 The intrinsic viscosity (,q) was then determined from the intercept of a plot of sn sp/C against C, where C equals the protein concentration in grams per cubic centimeter and is extrapolated to infinite dilution.
Human IgG was prepared from Cohn fraction II (American Red Cross or The Cutter Laboratories, Berkeley, Calif.) by diethylaminoethyl (DEAE) chromatography (11), followed by gel filtration as above to remove 19S and 10S aggregates. The 7S IgG was concentrated by pervaporation. To obtain concentrations of protein near 150 mg/ml for viscosity studies, solutions of 100 mg/ml were placed in dialysis bags and exposed to dry Sephadex G-200. All attempts to achieve such concentrations by lyophilization and reconstitution uniformly resulted in 10S aggregate formation.
For hexose determinations, the proteins were isolated by DEAE-cellulose chromatography (11) . Total hexose content was measured by the orcinol method (12).
RESULTS
Results of initial studies on the sera and myeloma proteins of the four patients are shown in Table I . In the three patients with the hyperviscosity syndrome (Ca, Pur, and Hu), the relative serum viscosities ranged from 17.4 to 10.0. In the patient with no clinical manifestations of the hyperviscosity syndrome (Cl), the relative serum viscosity was 3.6. The total serum protein concentration ranged from 14 to 19 g/100 ml, of which 12-17 g was myeloma protein. Fig. 1 .
The physicochemical properties of the isolated yG1 myeloma proteins are shown in Table II . During the isolation procedures, the 7G3 protein of patient Hu consistently disintegrated into its Fab fraction and peptides, precluding further characterization. By ultracentrifugal analysis at 200C, the sedimentation coefficients of the three 'YG1 proteins were in the range of 6.30-6.40. In plots of the sedimentation constants against concentration (Fig. 2) , no marked concentration dependency was demonstrable.
Studies to determine the radius of each protein and hence its diffusion constant were carried out by gel filtration through a calibrated Sephadex G-200 column (see Methods). The elution volume of each protein was determined. Protein Pur eluted 20 ml before, protein Cl eluted 6 ml after, and protein Ca eluted with normal human IgG. The effective radius of each protein was calculated to be 58.2, 49.9, and 52.2 A, respectively. By use of diffusion coefficients derived from these values and sedimentation coefficients obtained above, we calculated molecular weights. These ranged from 144,400 for protein Cl, and 158,000 for protein Ca to 163,000 for protein Pur. The molecular weight for protein Pur was also determined by equilibrium ultracentrifugation and by this method it was 161,700. Thus the proteins which were obtained from these patients with hyperviscosity (2) . The total hexose content of the three IgG proteins, however, did not exceed 1% (Table II) .
DISCUSSION
Relative serum viscosity, the ratio between the descent time of a solvent (usually distilled water or saline) and the descent time of the test serum as determined in a viscometer, is a simple but useful measurement in patients with dysproteinemias. The absolute level and the rate of change provide information on the progress of the disease in both treated and untreated patients. [8] [9] [10] . The level at which symptoms appear, however, varies considerably from patient to patient, although it is apparently constant for the individual patient. Serum or plasma viscosity is determined by the physical attributes of the constituent proteins, including total concentration and the size, shape, and flexibility of the molecules (15) . In recent years hydrodynamic studies have provided information on the configuration of the IgG molecule. It appears to be a globular but slightly extended molecule, devoid the alpha helix and probably in the beta configuration (16, 17) . Noelken, Nelson, Buckley, and Tanford (16) Of the physical properties of proteins that determine serum viscosity, only molecular size has been adequately documented in the devlopment of the hyperviscosity syndrome. In the two cases of IgG myeloma described by Smith, Kochwa, and Wasserman (1) the presence of high molecular weight IgG polymers in the serum created a hyperviscous state identical with that seen in macroglobulinemia. Subsequent physicochemical studies on the myeloma protein of one of the two patients showed a sedimentation constant of 13.2S, a molecular weight of about 808,000, and an intrinsic viscosity of 9.5 cc/g (20) . In two subsequent reports of the hyperviscosity syndrome in IgG myeloma, aggregation of the 7S myeloma globulin could not be demonstrated (21, 22) .
The data obtained in the present study indicate that abnormalities in IgG concentration and in molecular shape may also result in the hyperviscosity syndrome. The myeloma protein of patient Ca had normal sedimentation and diffusion constants, hence a molecular weight similar to normal IgG. Further, the intrinsic viscosity, effective radius, and frictional ratio were the same as normal human IgG. The protein, however, was present in the patients' serum high concentrations (17 g/100 ml). Normal IgG, when present in such concentrations and when added to the value of normal human serum (1. 
